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Abstract: Hydrothermal synthesis of 1.13nm tobermorite was performed to obtain the mixing ratio of raw materials,
the optimum reaction time and the effect of aluminum in two systems, Ca0-Si0,-H,0 and cement sludge—Si0,-H,0.
1.13nm tobermorite(5Ca0 - 6Si0, - 5SH,0 : C;S¢Hs) was synthesized excellently from CaO-SiO,~H,0O system on each mole
ratio (0.4, 0.8) of Ca0Q/Si0O, at 180°C. But a tobermorite crystals had a sign of crystal conversion after 6 hours of reac-
tion times in the case of Ca0/Si0,=0.4 and 4 hours of reaction times in the case of CaQ/Si0,=0.8. However, a
tobermorite synthesized from cement sludge wastes did not show the crystal conversion on each mole ratio(0.4, 0.8) of
Ca0/Si0, within 10 hours of reaction times. It is considered that aluminum ions dissolved from cement sludge wastes re-
tarded the recrystallization of tobermorite. This role of aluminum ion was confirmed in CaO-Si0,~H,0+ Al powder
system. According as added amount of Al powder was increased from 0.8% to 3.0%, the crystal had a highly flatter and
larger shape. Recrystallization was not detected within the same reaction times when aluminum was added.
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Fig. 1. Particle size distribution of silica.

Table 1. Chemical Compositions of Silica

SIO;
91.88

Alea FezO3 CaO
498 1 0.56 | 0.28

MgO |lg. Loss| Micell| Total
0.89| 090 | 0.60 | 100

Comp.

wt. %

AAEE T I AFE olgagen F-Ca0d
FHepo] 84.0%, T-Ca02] Fefol 92.23%9] ZAL

23 glon] FAH 8824 Table 20, QT

25 Fig. 29 vebich.

Table 2. Chemical Compositions of Quick Lime

Comp. |Ca(OH),| SiO, | MgO | Fe0; | ALO,
wt. % ND 3.00 0.50 0.34 0.37
Comp. | S P | T-CaO(F—CaQ) | Mice. | Tot.
wt. % | ND | 2.6 | 92.23(84.00) | 0.86 | 100

ND : Not Detected
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Fig. 2. Particle size distribution of quick lime.
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Table 3. Chemical Compositions of Cement Sludge
Wastes

Comp. | CaO Si0, ALO, | Fe,0; | MgO

wt. % | 39.06 | 26.33 4.35 2.59 1.55

Comp. SO, Ig. Loss Micell. | Total
wt. % 1.49 23.90 0.73 100
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Fig. 3. Particle size distribution of cement sludge
wastes.
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Fig. 4. X-tay diffraction patterns of hydrothermally
synthesized tobermorites using quick lime ob-
tained at different reaction times of (a) 0 hr,
(b) 2 hrs, (c) 4 hrs, (d) 6 hrs, (e) 8 hrs and
(f) 10 hrs (Ca0/Si0,=0.4, Autoclave Temp.
=1807C).
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Fig. 6. X-ray diffraction patterns of hydrothermally
synthesized tobermorites using quick lime ob-
tained at different reaction times of (a) 0 hr,
(b) 2 hrs, (c¢) 4 hrs, (d) 6 hrs, (¢) 8 hrs and
(f) 10 hrs(Ca0/Si0,=0.8, Autoclave Temp.
=1807C).
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Fig. 5. SEM photographs of hydrothermally synthe-
sized tobermorites using quick lime obtained
at different reaction times of (a) 0 hr, (b) 4
hrs and (c) 6 hrs(CaO/Si0,=0.4, Autoclave
Temp.=1807C).
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SEM photographs of hydrothermally synthe-
sized tobermorites using quick lime obtained
at different reaction times of (a) 0 hr, (b) 2
hrs and (c¢) 4 hrs(Ca0/Si0,=0.8, Autoclave
Temp.=1807T).
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Fig. 8. X-ray diffraction patterns of hydrothermally
synthesized tobermorites using cement slud-
ge wastes obtained at different reaction
times of (&) 0 hr, (b) 2 hrs, (c) 4 hrs, (d) 6
hrs, (e) 8 hrs and (f) 10 hrs(CaO(sludge)/
Si0,=0.4, Autoclave Temp.=180C).
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tes at different reaction times of (a) 2 hrs,
(b) 10 hrs(CaO(sludge)/Si0,=0.4, Auto-
clave Temp.=180C).
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Fig. 10. X-ray diffraction patterns of hydrotherm-
ally synthesized tobermorites using cement
sludge wastes obtained at different reaction
times of (a) 0 hr, (b) 2 hrs, (¢) 4 hrs, (d)
6 hrs, (e) 8 hrs and (f) 10 hrs(CaO(slud-
ge)/Si0,=0.8, Autoclave Temp.=1807C).
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Fig. 12. X-ray diffraction patterns of tobermorites
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produced from quick lime in the presence of
Al powder(0.08wt. % ).
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Fig. 13. SEM photographs of tobermorites produced
from quick lime in the presence of Al pow-
der (0.08wt. %).

(a) Ca0/Si0,=0.4, Reaction Time=8§ hrs,
Autoclave Temp.=180C

(b) Ca0/Si0,=0.8, Reaction Time=6 hrs,
Autoclave Temp.=180C
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Fig. 14. Variation of d(002) values of tobermorites
as a function of aluminum contents(Auto-
clave Temp.=180°C, Reaction Time=8 hrs,
Ca0/Si0,=0.4, 0.8).
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